The rare-earth fluoride borates RE 4 B 4 O 11 F 2 (RE = Pr, Nd) were obtained in a Walkertype multianvil device from the corresponding rare-earth oxides and fluorides, and boron oxide. Here, we report about the crystallographic characterization of both compounds in comparison to the isotypic phases and discuss their IR spectra.
Introduction
Borates have been the subject of intensive investigation during the past few decades. Due to their ability to form BO 3 groups as well as BO 4 tetrahedra, they exhibit a large structural diversity, possibly exceeding that of silicates. Presently, more than 1100 different crystal structures of borates are listed in the Inorganic Crystal Structure Database [1] . The development of sophisticated high-pressure synthetic methods has been the foundation of our work in the past 15 years, which has led to new high-pressure polymorphs of known (ambient-pressure) oxoborates, e. g. β -MB 4 O 7 (M = Ca, Zn, Hg) and χ-REBO 3 (RE = DyEr). Besides that, we were also able to synthesize new compositions like RE 3 B 5 O 12 (RE = Sc, Er-Lu), RE 4 B 10 O 21 (RE = Pr), and RE 4 B 6 O 15 (RE = Dy, Ho), the latter showing for the first time the structural motif of edge-sharing BO 4 tetrahedra. In recent years, our research expanded the field towards fluorido borates and fluorido borates. These compounds, especially "fluoroborate" glasses doped with rare-earth elements, are well known for their interesting luminescence, fluorescence, and even dielectric properties. In contrast, less is known regarding crystalline fluorido borates and fluoride borates, except for naturally occurring minerals containing more than two cations. A summary of the achievements reached so far can be found in refs. [2] and [3] .
For the chemical composition RE 4 [4] crystallizing in space group P2 1 /c with the lattice parameters a = 778.1 (2) , b = 3573.3 (7) , c = 765.7(2) pm, and β = 113.92(3) • (Z = 8). The crystal structure consists of BO 3 groups (∆) which are either isolated (∆), connected via common corners (∆∆), or connected via BO 4 tetrahedra forming the fundamental building block (FBB) 2∆ :∆ ∆ (after Burns et al. [5] [7] .
Here, we report about two new compounds RE 4 B 4 O 11 F 2 (RE = Pr, Nd) in this system, which are isotypic to RE 4 B 4 O 11 F 2 (RE = Eu, Gd, Dy) [6, 7] . The syntheses and crystal structures of RE 4 B 4 O 11 F 2 (RE = Pr, Nd) are discussed in comparison to the isotypic compounds, and the IR spectra of both new compounds are presented.
Experimental Part

Syntheses
The syntheses of the rare-earth fluoride borates RE 4 were identified by powder X-ray diffraction in transmission geometry from plane samples of the reaction products, using a Stoe Stadi P powder diffractometer with Ge(111)-monochromatized Mo K α1 radiation (λ = 70.93 pm). For the single-crystal structure analyses, small trapezoid platelets of both Pr 4 B 4 O 11 F 2 and Nd 4 B 4 O 11 F 2 were isolated by mechanical fragmentation. The intensity data of the single-crystals were collected at room temperature with a Kappa CCD diffractometer (Bruker AXS/Nonius, Karlsruhe) equipped with a Miracol fiber optics collimator and a Nonius FR590 generator (graphite-monochromatized Mo K α radiation, λ = 71.073 pm). Semiempirical absorption corrections based on multi-scans were performed with the program SCALEPACK [14] . The positional parameters of the isotypic compound Gd 4 B 4 O 11 F 2 were used as starting values [6] . The parameter refinements (full-matrix least-squares against F 2 ) were achieved by using the SHELXS/L-97 software suite [15, 16] . All atoms were refined with anisotropic displacement parameters. Final difference Fourier syntheses did not reveal any significant residual peaks. All relevant details of the data collections and evaluations are given in Ta 
Vibrational spectroscopy
The ATR-FT-IR spectra of Pr 4 B 4 O 11 F 2 and Nd 4 B 4 O 11 F 2 were measured from small amounts of the grinded products utilizing a Bruker ALPHA-P "Platinum-ATR" FT-IR spectrometer with a spectral resolution of less than 2 cm −1 . The IR radiation with a wavelength of 850 nm was produced by a HeNe laser, and the reflected beam was detected by a DTGS detector at room temperature. For the measurements, the samples were positioned between two small diamond crystals of the IR spectrometer. 360 scans of each sample and the background were acquired using the OPUS 7.0 [17] software.
Results and Discussion
As reported for the isotypic phases RE 4 B 4 O 11 F 2 (RE = Eu, Gd, Dy) [6, 7] , the new compounds RE 4 B 4 O 11 F 2 (RE = Pr, Nd) also form in a wide pressure and temperature range. In many syntheses with varying pressure and temperature conditions, the desired phases RE 4 B 4 O 11 F 2 (RE = Pr, Nd) were the main products, but contained small amounts of the corresponding high-pressure rare-earth metaborates γ-RE(BO 2 ) 3 (RE = Pr, Nd) [13] of the reactions were γ-Ce(BO 2 ) 3 and a not yet identified phase. Apparently, the cerium cation has an exceptionally low tendency to form fluoride borates. To the best of our knowledge, no cerium fluoride borate is known up to now. As depicted in Fig. 2 , the structure of RE 4 B 4 O 11 F 2 (RE = Pr, Nd) contains BO 3 groups and BO 4 tetrahedra connected via common corners. Two BO 3 groups (∆) and two BO 4 tetrahedra ( ) build up the main structural motif, including a twofold rotation axis as a symmetry element. The structure has first been discovered in the phase Gd 4 B 4 O 11 F 2 and can be described with the fundamental building block 2∆2 : ∆ ∆. A detailed depiction of the crystal structure of [7] . The exact values are given in Table 5 . The variation of the lattice parameters corresponds to the decreasing ionic radii (lanthanoid contraction) of the rare-earth cations. The values for the ionic radii of ninefold coordinated cations are as follows: Pr 3+ (131.9 pm), Nd 3+ (130.3 pm), Eu 3+ (126.0 pm), Gd 3+ (124.7 pm), and Dy 3+ (122.3 pm) [18] . Since the size differences Fig. 4 shows the absorption bands of Pr 4 B 4 O 11 F 2 and Nd 4 B 4 O 11 F 2 , which are typical for borates exhibiting BO 4 tetrahedra and BO 3 groups [34, 35] . In the range from 400 to 1600 cm −1 , three groups of bands can be distinguished: bands around 700 cm −1 typically arise from in-plane and out-of-plane bending vibrations of BO 3 groups, but can also be taken as an indication for both three-and four-fould coordinated boron atoms [6, 34 -36] . The strong bands in the range of 900 -1100 cm −1 can be assigned to stretching vibrations of tetrahedrally coordinated boron atoms [35, 37] . Between 1200 and 1500 cm −1 , absorption bands arise from stretching vibrations of trigonal borate groups [37, 38] . The FT-IR spectra of Pr 4 B 4 O 11 F 2 and Nd 4 B 4 O 11 F 2 clearly show the existence of both BO 4 tetrahedra and BO 3 groups in the crystal structure. Above 1600 cm −1 , no further absorp-tion bands could be detected, leading to the conclusion that no substitution of fluoride or oxo anions by hydroxide groups has taken place.
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Conclusion
With the syntheses of RE 4 
